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Facsimile Theory

Theinformation presented hereis specifically for Canon Facsimile but most of the theory
can be applied to any brand.

Thefacsimile or fax machine wasfirst invented back in 1842 by a Scottish electrical
engineer named Alexander Bain. Thiswas about five years after Morse invented the

telegraph.

A fax machine electrically breaks up a document into very small pieces, which are called
picture elementsor pixels and sendsthem one by oneto another fax by way of a phoneline.
The density of each element is converted to an electrical current which is sent to the
receiver. Thereceiving fax putsthe picture elementstogether asit receivesthem, until a
copy of theoriginal ismade.

Types Of Facsimiles

GROUPI (G1)/0OIld FM Transmission time: Approx. 6 MIN.
GROUP I (G2) Transmission time: Approx. 3MIN.
GROUP 11l (G3) Transmission time: Lessthen 1 MIN.
GROUP 1V (G4) Transmission time : Approx. 10 SEC.

The operation of afax machineis strictly specified by the International Telegraph and
Telephone Consultative Committee called " CCITT". This committe setsthe standards for
all fax equipment ther eby allowing different manufactures and faxesin different countries

to communicate with each other.

Basic Process
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Transmiting Fax Machine

During transmission the document is broken down into pixels. Thisis accomplished by
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reflecting the image of the document being scanned through a lenswhich isfocused to a
CCD ( charged coupled device). The CCD convertstheimage into different levels of
electrical current based on the intensity of light of each picture element. This processis
called photoelectric conversion. The electrical signals are then modulated and sent over the
phoneline.
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Receiving Fax Machine

During reception the signal is demodulated and the electrical signals are sent to a printing
device. Typically this device would be a thermal print head, bubble jet print head or laser
printer. In the case of a thermal head, which is made up of many heating elementsin arow,
it would turn on theindividual heating elements which would cause spots on the paper to
turn to black. Theimage of the original document transmitted would then be created.

Scanning Pr ocess

Large Sal

Document Bivels Brvals

The most common type of scanning method used in fax machinesistheflat bed type. With
this method the document moves acr oss an optical unit onelineat atimein the vertical
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direction and then the optical device scansthelinein the horizontal direction. The vertical
scanning density is determined by the stepper motor moving the document over the optical
device. The smaller the step the motor takes, the smaller the vertical scanning density will
be. The optical device deter minesthe horizontal scanning density. Theresolution of the
image being scanned can be different and therefore the size of each picture element or pixel
can be different. The smaller the pixel the higher the resolution of the document. Thiswill
also increass the amount of picture data sent over the phone which will be discussed latter.

CCD ( Charge Coupled Device)

The most common optical unitsarethe CCD and the contact sensor. The CCD unit isan
intergrated circuit that has 2048 image sensors on it. An image sensor works similar to a
photodiode. When light shines on a photodiode a voltage is created. The level of that voltage
isdirectly related to theintensity of light that wason it. Theimage sensor acts similar to a
capacitor and storesthisvoltage and transfer it throughout therest of the circuitry to the
output of the CCD. The higher the intensity of light, the higher the voltage produced.
Thereforelight reflected off white paper is high and the voltage would be high. The light
reflected off black print would be low and would output a low voltage. Obviously any grays
or colorswould create voltage levelsin between these two ranges. Typically fax machines
that use CCD units also have an optical unit made up of alight source, to reflect light off the
original, a set of mirorsand a lensto direct, reduce and focus the image into the CCD unit.

Contact Sensor

The contact sensor isvery similar to theflat bed design except that the contact sensor
incor por ates the light sour ce, optical unit and CCD device into one compact unit. This
design allows the fax machines physical size to decreass while still maintaining quality.
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A/D Conversion of Image Data

After the original document is broken down into picture elements and are converted to
varying voltage levels the CCD unit outputs an analog signal for each line of data. Before
the data can be transmited over the phoneline it must be converted to a digital signal.
Therefore the analog signal will be divided into two groups or binary signals based on the
voltage level. These binary signalsindicate whether the pixel will be black or white. To
determinethisareference voltage is used to divide this analog signal into two groups. This
reference voltage is called the dlice level. Any voltage from the CCD that isabovethe dlice
level will be a white pixel ( high level ) and any voltage below the dice level will be a black
pixel (low level ).
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M odulation and Demodulation

There aretypically three types of modulation used in fax equipment. AM ( amplitude
modulation ), FM ( frequency modulation ) and PM ( phase modulation ). An example of
amplitude modulation and demodulation is below.

Modulation

Carrier Modulated
Picture Signal Signal.
The wave you " ' WWM
want to transmit. A wave that can The actual
be transmitted. wave that is
transmitted.

Demodulation

Modulated Signal Carrier Demodulate:
Signal.

Wi~ S =

With Group 3 Fax equipment there are two different modulation schemes used; Phase
Modulation and Quadrature Amplitude M odulation. The modem specifications are set by
CCITT and the modem typesare V.27 ter and V.29. Each type of modem will transmit data
at different speeds.These transmission speeds ar e dependent on phone line conditions and
capabilities of the receiving fax machine. These speeds are:
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2400 bps V.27 ter

4800 bps V.27 ter

7200 bps V.29

9600 bps V.29

12000 bpstrellisand non trellis coding/modulation
14400 bpstrellisand non trellis coding/modulation
33.6k bps

G3 Facsimile Picture Transmission

This section will be broken down into the following subjects:

Codeing Schemes

Structure of the Picture Signal
Transmission Time

Modulation M ethods
Transmission Control Procedures
Structure of the Binary Signals

Coding Schemes

Dmunmnuw| | FRINTING |—!1 COFT |

Receiving Fax Machine

One of the featuresthat seperate the G3 fax unitsfrom G2 or G1 isthat between the a/d
conversion and the modulation processisthe coding process. Coding of the data prior to
modulation iswhy G3 fax machines are considered digital transmission.

On a standard A4 sizedocument ( 8.5" x 11" ) HORIZONTAL SCANNING DIRECTION
thereare 1728 bits of data or pixelsin the

horizontal direction and 1145 lines of — 1728 BITS 4=
information in the vertical direction. Therefore
thereisatotal of 1728 X 1145 = 1,978,560 bits ¥ERT TOTAL BITS
of information on a page or approx. 2 million 1,978,560
blts Wlthout codmg |t would take over 3 1145
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MINUTES 1O transmit this data at Youunps, LINES
ther efore we must find a way to reduce the l
amount of data being transmitted and thereby pjp.
reduce the transmission time.

SCANNING

LINE —1
STANDARD 8.5 x 11 DOCUMENT

ONE SCANNING LINE OF A SAMPLE
DOCUMENT.

The method that G3 fax machines useto reduce datais called coding.Typically with any line
of data read by a fax machine there are white areas and black areas that make up the
document line. If welook at the pixel information that makes up a line of picture data you
would find groups of black pixels and groups of white pixels. These groupsarerefered to as
black run lengths and white run lengths. Based on these characteristics of run lengths of
black or white data, codes can be assigned to the diferent sizerun lengths and only these
codes need to be transmitted over the phone lines. There are many coding schemes but the
most efficient one which isused by all G3 fax machinesisthe M odified Huffman Scheme or
MH. Also a variation of thisisthe Modified Read Scheme ( MR ) and the M odified
Modified Read Scheme (MMR ). A newer coding schemeisthe Trellis Coding Scheme.
Each one of these coding methods reduce the amount of data needed to be sent over the
phonelines and ther efor e each improvement in coding yeilds an improvement in data
transmission speed

M odified Huffman & Modified Read Coding Schemes

The MH coding schemeisreferred to as a one dimensional coding scheme. One line of data
isscanned and coded for transmission. The MR coding scheme, which isvery similar to

M odified Huffman, will scan each line of data, compareit to the previous line and then only

code the changes. Even though MR coding is mor e efficient in reducing the amount of data
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needed to be sent, the MH coding istougher against transmission errors.

SCANNING

I.IN'E—l

k 1,728 bits ——

PIZEL DATA OF THE $CAN LINE FROM ABOVE

)
BLACK EUN BLACK EUN
OF 4 BITS OF 3 BITS

WHITE RUN  WHITE RUN WHITE EUN
OF 9 BITS OF & BITS OF 1707 BITS

As shown above, the document that is being scanned isa largeletter " C". Onelineis
indicated which is 1,728 bitslong. Thislineis broken down into run lengths of black and
white. As shown thefirst run isawhite run of 9 bits, the second run is of black and is 4 bits
long this breaking down of the scan line to run lengths continuesto the end of the line and
then a new line will be scanned and broken down into run lengths.

After thelineisbroken down into run lengths, the next step isto codeit. MH coding is made
up of two factors, the run length ( bits) and therun color. Oncetherun lengths are created
they arereferenced to the MH coding table to determine what the binary code is that
representsthat particular run.

SCANNING

LM—I,

k 1,728 bits ——

PIXEL DATA OF THE $CAN LINE FROM ABOVE
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4 ——— |
BLACK EUN BLACK EUN

OF 4 BITS OF 3 BITS

WHITE RUN  WHITE EUN WHITE EUN
OF 9 BITS OF = BITS OF 1707 BITS

(10100){011)(1100)(10)(01100000101100]

1010001711007 001100000707100
28 bits of data

Shown aboveisthe scan line converted to MH code which isthen inserted into a standard
dataline.

Asyou can seethe scan line started out as 1728 bits of information but with the MH coding

performed on thislineit isreduced to only 28 bits of data. Therefore the transmission time
for this scan line has been greatly reduced.

SCANNING

LM—I,

k 1,728 bits ——

PIZEL DATA OF THE S CAN LINE FROM ABOVE

1
BLACK EUN BLACK EUN
OF 4 BITS OF 3 BITS

WHITE RUN  WHITE RUN WHITE EUN
OF 9 BITS OF & BITS OF 1707 BITS

[10100){011)(1100)(10)(01100000101100)

28 bits of data

"l IEOL DATA |FILL [EOL pata  |FILL | ROl

The Modified Read coding schemeisvery similar to the MH coding scheme except that it
will scan a line of data and then use thisline for reference when it scansthe next line. After
comparing the two lines only the changes will be transmited therefore reducing the data ven
farther. Because this coding schemeis more likely to create errorsin the picture data, there
isalimit to how many lins of data will be compared to areferenceline. If thereferenceline
hasan error then that same error will be reproduced on any line that was compared toit.
For standard transmission quality the referenceis set to 2 linesand on fine quality it is set to
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4 lines.

Structure of the Picture Signals

Shown below are the componets of a picture signal.

= PICTURE INFORMATIONFOR. ONE F';}GE—}

EOL| DATA| FILL] EOL| DATA|FILL| EOL /

#— ONE LINE—— /

/
/EATA FILL| EOL EOL EOL EOL EOL EOL

¥ ATC
DATA = Coded picture information of each line
FILL =In case the Data & EOQOL time is less then MTT. This is used
to etend the transmission time.
EOL =[end of line] End of picture signal for one line of data.
RTC = Indicates end of picture signa for one page. [ 6 consecutive
EOL's] [return to control ]

Transmission Time

Transmission time of a page or aline of data isdetermined by threeitems.

Transmission speed ( Modulation method )
Coding Scheme

Memory Transmission

Minimum Transmission Time

Minimum transmission timeis defined as the amount of time to send one line of data over
the phoneline. In G1 and G2 modesthe MTT was fixed. Because of codingin G3
communication, the amount of compressed data variesfrom lineto line. Therefore the fax
machines must indicate to each other the MTT before communication can take place. If the
MTT isdifferent for each fax machine then a componet called " fill * will beinserted into
the picturesignal toinsurethat the MTT isnot exceeded. Oneway to reducethe MTT isto
perform memory to memory transmission and reception of data. Thistype of
communication istypical in most commercial line fax machinestoday.

M odulation M ethods
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The picture information is modulated by any of the following methods.

e 2400 and 4800bps modulation method utilizing Phase Shift Keying M odulation ( PSK

)

e 7200 and 9600bps modulation method utilizing Quadrature Amplitude M odulation (

QAM)

e 9600 and 14400bps modulation method utilizing Trellis M odulation

e PSK at 2400 bps

The coded picture data string is divided into consecutive dibit ( 2 bits) groups and the
modulation is performed by shifting the carrier phase in accordance with the
relationship between the dibit and the phase shift shown below. However the phase

shift isshifted in respect to the preceding signal.

90
III]"II
Iluull
180 1]
Il‘l I]II
||-| -Ill —
270 —
01 10 0o 1
Advances 90 | Advances Same phase Advances 270
degress from | 180 degress degress

previous wave

e PSK at 4800 bps

In the same way as 2400 bps, the coded data string is divided into consecutive tribits (
3 bits) groups and the modulation is performed according to the relation between the

tribit and the phase shift as shown below.

g0
135 010

011

4 nn
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14Uy u
111

m

110

225 315

100
270

e QAM at 9600 bps

This modulation works similarly asth PSK except that an amplitude change can also
occur . For 9600 bpsthe coded data string isdivided into quadbit ( 4 bits) groups and
the amplitude of the carrier is changed by thetheinitial bit and the phaseis shifted by
the remaining tribit.

a0
135 010 4h

011

[relative amplitude]

4(_ om
0 [absolute

180
111 phase]
amplitude bit o
l_EPhESEh“ 101 —[ tribit]
o010 5ol
100 315~ [ phase shift)
270
o010 1110 0011 1001

e QAM at 7200 bps

The coded data string is divided into consecutive tribit groups and worksthat same as
9600 except that because thereisonly 3 bitsthe amplitude never changes.

g0

135 o010 45
ooo
011

[relative amplitude]

4(_ oo
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1m—

100 ns-

270

ontrol Procedures

The control proceduresfor afax commun

ication isin thethe form of tonal and binary

signals. Shown below isthe procedure followed by most Canon fax machines.

Transmitter Receiver
Dial | Dialing signal
Calling Tone [CNG I cED | Called Station Ident.
SN Preamble
NSF | MNonStandard Facilities
Csl | Called Subscriber Ident.
DIS | Digital Identification
Preamble iy
NonStandard Facilities | NSS
Transmitting ldentification | TSI
Digital Command Signal | DCS
Modem Training | Training
Training Check Flag | TCF
/[ ]| Preamble
CFR | Confirmation to Receive
Modem Training | Training
Picture
Information “~ MESSAGE
Return To Control RTC
Preamble m
End of Procedures | EOP
[[ /7] Preamble
MCF | Message Confirmation
Preamble

LS
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Disconnect DCH

The communication between two fax machinesis as follows.

1. Thetransmitter callsthereceiveing fax machine. The transmitter will generate
the dialing signal and then continously send out a CNG tone which isused to
signal an auto receive fax machine that another fax is making the call. ThisCNG
toneisalso used with alot of line shareing devicestoday.

2. Thephonelineon thereceving sidewill ring and the receiving fax will pick up
the line and send out a CED tone. Thistone only tellsthe transmitter that it has
connected to a fax machine.

3. Thereceiving fax then sends out a PREAMBLE signal. Thissignal isa series of
flagsthat are sent out to condition the phone line and to synchronize the two
modems. A PREAMBLE will be generated just before any binary information is
sent over the phoneline.

4. Thenext set of signals are sent by thereceiver and are binary signals. Thefirst
oneisNSF Non Standard Facilities. Thissignal informstherecevier that itisa
Canon machine with propritory modes. Thissignal is not needed for a
communication to take place. The next signal isCSl Called Subscriber
Identifcation. With this signal the phone number of the receiving fax machineis
sent out. This phone number needsto be programed into the fax machine before
thissignal will be sent. If it isnot programed then the signal will not be sent,
thereforethis signal isalso optional and is not needed for a communication to
take place. Thefinal signal sent by the recevier before the transmitter can
respond is DI S Digital Identification Signal. Thissignal sendsout all of the
receiving faxes capibilities such paper size, modem speeds, resolution modes, etc.
Thissignal isneeded for the commincation to take place.

5. After thetransmitter receivesthe DIS signal it has enough information to
continue with the procedure. The next signalsthat are sent are from the
transmitter which isresponding to the information sent to it from thereceiver.
After the PREAMBLE is sent thefirst signal isNSS Non Standard Facilities
Setup. Thissignal will only be sent if the NSF from the receiver indicated that it
was a Canon fax machine. If it isa Canon then the transmitter will send the NSS
signal which will tell thereceiver which Canon featureswill be used in the
transmission. Thetransmitter has compared it's own Canon features with that
of the receiversand commandsthereciever to receive a document using certain
Canon modes. The next signal sent isTSI Transmitting Subcriber I1dentifcation.
Thissignal informsthereceiving fax machine the phone number of the
transmitter. This phone number must be programed into the fax machine or the
signal will not be sent. Finally the transmitter will send DCS Digital Command
Signal. The signal also commands the receiving fax to receive a document in a
particular mode. Thissignal is needed for communication to take place. All
other signals are optional.

6. Now that the transmitter has commanded the receiver on how a document will
be sent it, it beginsthe TRAINING signal. Thetraining signal is generated by the
high speed modems. For example it would start sending a training signal of its
highest communication speed, typically 14.4kbps or 9600 bps. All other
prevously sent signals wer e sent using a 300bps modem speed. After the
TRAINING has been performed a TCF Training Check Flag is sent to the
receiver. The TCF is a consecutive number of " 0" set for 1.5 seconds.

7. If therecevier receivesthe TCF correctly then the CFR Conformation To
Receive Signal is sent back to thetransmitter informing it that everything up
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until thispoint 1salright. It the TCF 1snot received properly then the recelving
fax will send back FTT Failure To Train at which point the transmtter will fall
back to a lower modem speed and then try again. If the phonelineisreally
poor the transimitter may need to fall back many times. The Fall back modes
are asfollows: 14.4kbps (1 try), 9600bps (1 try), 7200bps (1 try), 4800bps (2
tries), 2400bps (2 tries) and then failure.

8. After thetransmitter receivesthe CFR command it begins TRAINING again and
then begins sending the picture information. Each line of data is checked for
errorson therecelve side. After all the picturedataissent aRTC Return To
Contral signal is sent which informsthe receiving modem that the transmitting
modem is going to return control to the slower 300bps modem and away from
the high speed modem. After this PREAMBLE is sent and then EOP End of
Proceduresis sent. EOP signalsthereceiver that the full page has been sent. I f
there were more pagesto be sent or if a change to the transmission mode was to
take place then the transmitter would send EOM End of M essage or MPS
Multipage signal.

9. If all the data wasreceived properly thereceiving fax would send back a
PREAMBLE and then a MCF M essage Confirmation signal. If the data had
errorsin them and it exceded the maximum allowed then the receiver would
send back RTN Retrain Negative of RTP Retrain Positive. Both of these signals
indicate that that the data recevied exceded the maximum allowed errors.

10. [If the communication was proper and the transmitter received the MCF signal
then the transimitter would send out PREAMBLE and then a DCN
Disconnection notice which informsthe receiving fax that it is disconnecting the
phoneline at which point the transmitter and receiver hang up the phoneline.

Structure of Binary Signals

Structure of Binary Signals

DIS

Flag | Flag | Address | Control | Fax Control | Fax Info. | Frame CK.| Flag
Seq. | Seq. Field Field Field Field Seq. Seq.

Flag Sequence : ( F } Indicate= the beginning & the end of the frame. it's alzo uzed
for bit synchronization.

Addres= Flag : { A } Used for the terminal device 10.
Control Flag : { C ) Used to determine whether the frame is the final frame or not.

Facsimile Control Flag : { FCF ) Indicates the name of the binary signal used for the
frame.

Facsimile Information Field :  FIF ) Indicates the detail of the faxes capabilities.

Frame Checking Sequence : { FCS ) Uzed to check for transmition errors in the
frame.

Printina Methods
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There areafew common methods for fax equipment to print the information onto
paper:
1. Thermal Transfer : Using thermal paper or a carbon film and plain paper to
heat up areason the paper to create dotsto form an image.
2. Bubble Jet : Usesink to create dots on the paper.
3. Laser Beam Printers: Similar to the photocopy process utilizing a laser and a
photoconductive drum to create the dots to form an image.

Thermal Transfer Printing M ethod

Thetermal Thermal Transfer Thermal
transfer Positive Componet Element
method is Adhesive Agent

commonly

used because 0 | e s o ‘e o © . Heat Sensitive
thereis * < o - T e * o Layer
virtually no |

noi se, N0 smell Hegative Componet

its'ssimple in Color Formed
design,

compact in

construction and typically maintenance free. Formation of the print on the paper is
done by a pixel size heating element that heats an area on the thermal paper thereby
causing it to change color to black. The disadvantages of the thermal paper isthat if
left out in thelight the image will fade with time, the paper ishard to write on and
alcohol will cause the paper to discolor. With the thermal transfer method, a carbon
film is placed between the thermal head and the paper. When the thermal head heats
up in an area it causes the carbon to melt into the paper fibers. The benifit of the
thermal transfer method isthat the print is of a darker quality and the paper isplain
paper. The disadvantage isthat the paper isusually on aroll and it will retain its curl.
Thereare devicesincorporated in fax equipment to limit the curl effect and are called
decurling units.

Ink Jet Printing M ethod

Ink jet printing method is done by
haveing the jet output a single drop of
ink tothepaper. Eachdroprepresents | | S ——". ... .. 4
one pixel of information. The advantages T

of ink jet isthat it isdone on plain paper,

color printing ispossible and that the \ Inkjet
print does not fade with time. The
disadvantageisthat theink jet nozzle P |
needsto be cleaned or it will get clogged

and cause poor print quality. This .
problem has been fixed with most new

bubble et and injet print engines.

L aser Beam Printing M ethod

Tnonawnm Panvyvy Devaaadi11ry Dvannon
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Image Exposure

Charging \
/' Photo

| Drum Cleaning | ([sensitive Developing
Drum
Fixing H Transfer
Drum (O —Laser
Primary / Developer
Charge J
Cleaning |
Fixing O
N

_.'.—Tnner Paper
— = < e |
O o v

Transfer/Sep.
“u -

L

Thelaser Beam printing method isvery similar to the photocopy process which is
discussed in great detail in the copier theory section. The only differenceisthat with a
laser beam printer the drum, developer, cleaner and toner isin a cartridge type unit
which makes the machineitself almost maintenance free and easy for the end user to
work with.
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